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: ICAL CARBON DIOXIDE PROCESS 



Place a wafer with photoresist or 
photoresist residue on a surface 
within a pressure chamber 



220 



Seal the pressure chamber 
and pressurize the pressure 
chamber with carbon dioxide 
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Introduce supercritical carbon 
dioxide and a small amount of 
a stripper chemical into 
the pressure chamber 



224 



Recirculate the supercritical carbon dioxide 
and mix the supercritical carbon dioxide 

and ^maTaniount of the stripper chermcal 
vXn the pressure chamber until the photoreast 
or the photoresist residue is removed 



^226 



(57) Abstract: A method of removing a photoresist 
or a photoresist residue from a semiconductor 
subslrate is disclosed. The semiconductor substrate 
with the photoresist or the photoresist residue on 
a surface of the semiconductor substrate is placed 
within a pressure chamber. The pressure chamber 
is then pressurized. Supercritical carbon diox.de and 
a striper chemical arc introduced to the pressure 
chamber. The supercritical carbon d.ox.de and the 
stripper chemical are maintained in contact _ wrth 
the photoresist or the photoresist residue until die 
photoresist or the photoresist residue is removed 
torn the semiconductor substrate. The pressure 
chamber is then flushed and vented. In an alternate 
embodiment, supercritical CO, 
inorganic chemicals or a combinahon of the organic 
and inorganic chemicals into the pressure chamber. 
The organic or inorganic chemicals or a combinahon 
of the organic and inorganic chemicals interne s 
with resist, resist residues, and organic contaminants 
on the wafer surface and carry these materials and 
remaining chemicals out of the chamber. 
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Flush the pressure chamber with pure supercritical 
dteSde or liquid carbon dioxide to remove 
traces of remaining chemicals 



228 



Vent the pressure chamber to 
atmosphere and remove the wafer 



S 



230 



For two-letter codes and other abbreviations, refer to the Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 
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REMOVAL OF PHOTORESIST AND PHOTORESIST RESIDUE 
FROM SEMICONDUCTORS USING SUPERCRITICAL 
CARBON DIOXIDE PROCESS 



FTET .n OF THP INVENTION 

The present invention relates to the field of removal of photoresist and photoresist 
residue from semiconductor wafers. More particularly, the present invention relates to the 
field of removal of photoresist and photoresist residue from semiconductor wafers using 
supercritical carbon dioxide. 

A HTC GROUND OF THE INVENTION 

Manufacture of semiconductor devices requires application and subsequent removal 
of aphotoresist chemical from a surface of a semiconductor wafer. The removal of the 
photoresist chemical, commonly known as stripping, may be immediately preceded by a 
plasma ashing, etching, or other semiconductor manufacturing step. These steps can degrade 
or carbonize me photoresist chem^^^ 

removeby current stripping methods. The current stripping methods require that the wafers 
be dipped into baths of commercially available chemical mixtures known as stoppers. The 
baths may employ heat or ultrasonic augmentation. Typically, the baths employ immersion 
times of twenty to thirty minutes to achieve complete removal of photoresist or photoresist 

residue from the wafer surface. .,_•„* 
What is needed is a more effective method of removing photoresist and photoresist 

reSldUC What is needed is a more efficient method of removing photoresist and photoresist 
residue. 

^TTMMARY OF TBTR INVENTION 

The present invention is a method of removing a photoresist or a photoresist residue 
from a semiconductor substrate. The semiconductor substrate with the photoresist or the 
photoresist residue on a surface of the semiconductor substrate is placed within a pressure 
chamber. The pressure chamber is Ihen pressurized. Supercritical carbon dioxide and a 
stopper chemical are introduced into the pressure chamber. The supercritical carbon dioxide 
and the stripper chemical are maintained in contact with the photoresist or the photoresist 
residue until the photoresist or the photoresist residue is removed from the semiconductor 
substrate. The pressure chamber is then flushed and vented. 
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to an alternative embodiment of the present invention, supercrmcal CO,cam« 
organic or inorganic chemicals or a combination of to organic and morgamc chenncals mto 
Z^JUwhicb.^.nd,,^ Ih.orgamnontag^ch^ 

o^nio contaminant on the wafer surface and carries these matenals and rematmng 
chemicals out of the chamber. 

pTnrF pp^PTPTTON OF THF r>tt AWINGS 

^Uafmgmentarycmss-sectionai view of a pre-processed senncondnCor wafer 

Zamshowingcbambers.pipea^dvaivesofasn.pUSed 
resistremovalsysteminacoordancewitbmepresentinventton. ^ 
Kg. 4 is a flow diagram showing a simplified sequence of process steps of a xearst 

rerereral svstem in accordance with the present invention. 

Fr™a»agm«».ar,crosa- S ecfionaIviewofmewaferofFig2 S ubse q nen,,oa 

resist removal step in accordance with the present invention, 
photoresist from a wafer. 

tyrtatt FD DESCREHQNOFJBS PREFERRED E^ffiQDBffiNI 

affect the stripping process compared to the prior art. m tn j 

resent invention, the supercritical carbon dioxide carries the stopper chemical on 
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viscosity of*, anneal carbon dioxide is simttarfoagasphaseandbeca^de^of 
r^c^cIbondioxidoisr^lyequalB.U.Ioidl^.ae^Worton 

Zical from the surface otto wafer. Thus, i. is possible to use the small amourd of ft. 
^cL^toperformtbes^pptagptocesaaatd^alsocastyawayto^ 

oon -rue nressvire chamber is sealed and pressurized wiw ^ 
process step 220. ine pressure ^ nitam u„ increases the carbon 

, ^-799 As oressure inside the pressure chamber increases, ulcl, 

Typical ptoses, conditions range from 20 to 70 -C and from 1,050 to 6 000 ps.g 
chamber in a fourth process step 226. ^efour^proc * ^ 3 10 15 

^rtprr:^ 

process step 230. An optional final process step rins^ 

snippet chemical greatly enhances the removal of me PWm^or ^ 
JLrfaces of semiconductor devices. ™ e ° f * ^^Xt Iced 

stripping methods. An amonnt of hazardous ohemtcal waste generated as tesul 
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glycols. The organic solvent enhances removal of the traces ol the g 
from the wafer. 

,0 supporting a varied of layers. ^^"J^,,,,,,,,..,.*!!.!*- 14 
cwinnsesaamc^orceranrtcsnb*^^*- ^ UyeKl4 

tot May be protected by one or more with . rt layer 20 

„d 16 form an elevation* varied surface U <ha< > „ ^ 

than or equal to 10:1. „™t1aver20maybearemnantftoma 

fc accordance with Ore present tnvention, rests. £y« 20 *a ^ 
priorUthograpHcoronrer^^o^^^-^ ^ 
etching, plasma ashing, or semtconductor mam. M«« P ^ 
include sidewall polymer residue or carbonaceous restdu left after J 

processing operation on me back stde of wafer "^-"^ ^ 

Ungor as abl^etprouction ^-^^^Larta., resist 
appreoiaKti^waferWnuyb. partly or completdyeov^^ 

reside oracom^lroma^bse^Pro^^^^ J^^ 

posiuveornegativephomrea^^^ 

include, bm are not lmtited to Novolak(M-Cresolfomuoy; 5wh 
coatings 

(PMMA). TheiesistmaleriaUeedmtbeaphotoreststandmayc p 
resist material with or without photosenthisizers. 
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Kg 3 is a schematic diagram of a simplified resist removal system 30 of the present 
the present invention. With the reference to Figs. 3 and 4, removal process 32 - 

cold hap 36. Then, system pleating atep 38 brings pressnre vessel 40, —J* 
chamber 42, and solvent chambers 44 and 46 to a preferred operating tempertdnre of 45 65 
•C prior to the arriva! of wafer 10. Stilled persons will appreciate that the pressure vessel 40 
^alternatively be maintained at a preferred proving «emer«ure to faoht*. throughput, 
or the temperature may bo gradually increased <o from ambient temperature after wafalO 

fabricated on wafer 10. Although electrical resistance heaters are preferably bum mto th 

appreciate that other conventionally available heating techniques could be employed. StaU d 
^onswiUaisoapp^atematmatel^nca— *^««^^ 
Lte of the connecting toes, such as line 43 betweenpump 92 and vessel 40 and h*s 45 mi 

ofsvstem 30 at or near the temperature ofvessel 40 and chambers 44-and 46. 

Wrfer placemen, step 48 empbys manna! or —no convenuonal waferhandhng 
techniques to place one or more wafers 10 into wafer chamber 42 in pressnre vessel 40. 

stationary portion ami hydraufficaUy raised and lowered portion, or may be sealed by other 

"""Imgmgstep 60 Spurges solvent ehambers 44 and 46 - *»-"-^ 
MCoJreLab.y gaseousCO^preferably begin, wfnr all valves 60,6!, 6^ 6 ,« ,6, 

68 70 72,74, 76, 7g,80, 82.84,86, ST.andggmaoto^poaWon. COi tank valve 

ill allow fluid CCptefetably liquid CO,, to flow ftom COj tank 90 to pressure 

ZL hi gauge preasure above ambient atmospheric pressure (psi 8 >. Ven, va ve 62 and 
' vrdve 64 are prefembly sequentially opened to allow CO, into rmo pump 92 ;m* 
Lough vent 94. Valve 66 allows oompressed air ftom compressed an source 96 to teach 

Lferably 60 to 80 ptug. CO ! isaUow«dh,flowon.vent94bycychngpun 1 p92 for 
preferably at least five seconds, prior to preferably sequentially opemng valves 68, 70, 72, 
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9 „n74«o purge solve., chamber 44; seouenMy opemng valves 76, 78, 80, and 82,0 purge 
and 74 to purge soivcm w«u puree pressure 

solvent chamber 46; and sequentially opemng valves 84, 86, 88 and 87 to p g P 
vessel 40 through vent 98, cold trap 36 or exhaust 100 

preferentially sequentially closed. The system press * bycontt „llmgthe 

Skilled persons will appreciate mat step 114 cm be performed any 
Pressurizing system step 120 rnvotv 

generally preferred condrtrons for the * ^ 1050 10 450 o paig. 

tan 10 to 80°C and 750 to 6000 pstg. and P" f «"j ™ 7 68 „ clMed „ „,,„» 

tatroductionstep 1 22 to force the COj stream to no r i.e~j ca i s into the supercritical C0 2 
stream and into pressure vessel 4U. i 

axnmonium fluoride, ammomum brfluonde, metnyiac B f 3) other fluorine 

oontainingchemrcals be mtIodu oed mto into ays«m 30 aa described 

thosechemicaUormixtuteofchermcalsmay other chemicals suoh as an 

^ovo from me same oradifferen.so.veo ^chambers ^™ fte ^ to 
otga nio solvent may be used independently or added to one or more of <h 
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remove organic contaminants from the wafer surface. The orgarrie solvent may mclufc for 
example, and alcohol, ether, and/or glycol, such as aeetone, diacetone alcohol, drmethyl 
sulfoxide (DMSO), ethylene glycol, metonol, ethanol, propanol, or rsopropanol <H>A). 
Although corrvetionally large amounts of chemicals or mixtures of chemieda man amount 
fteis.ess t han 1 5./.vA,,wh 8 rev tis .heh q mdvol«meof to eh.nnca 1 aamv,ra*ev^ume 

of pressure vessel 40. Preferably leas than a few millimeters of chenucala are employed for 

each resist removal step 130; however, larger amounts can be used. 

ResistremovalsteplSOallowatbesnpercriticalC^tocarrythesolventsnito 

pressure vessel 49 and into contact with to resist, residue, or other contaminants on wafer 10. 

gas in line 1 13, and heat exchanger 34 along loop 133 cools to CO, to a hqtnd before tt 
Lf M8 pn^92. R esiat re mov^l30i 8 acnom P lfshedm^ty«s^^l5 

minntes'and more preferably from 30 aeccndato.enminu.es, ^°^ W ^ 3 ° 
seconds to three minutes. Valves 70 and 74 am closed and vafve 68 rs opened to bypass 
sotvent chamber 44 for cfosing sotven. chamber step 132. 

aud dosing solvent chamber stops .22, .30, and .32 am performed in — n wrft 
solvent chamber 46. Va!ve 78 in opened and valve 76 is Cosed to force to CO, t*e*n to 
flow through loop 118 and chamber 46 to introduce a second chemrcal or group ^^^^ 
into the CO, stream and into pressure vessel 40. The second resist removal «* 

uTccLted for a same or different to. period. Then valves 82 and 78 and c osed and 
vX 76 opened to bypass solvent chamber 46. In a fourth alternative embodmrem valve 
valve" iaopen, and e^aetof step, .22, 130and .32 is performed en 
Londs ooueminumwithoutso.veutrecuou.ahon. A2.5 ,m-flnox,e S isUayer20^ 
Lovedfem.fla.amfimoof^^a-orSOOmmdiam^w^lOwrmW.mmovalstopa 

130 of less than 30 seconds each. Thus, each wafer 10 or group of wafers 10 can be 

processed in less than one minute. 

Pressure vessel 40 is then flushed for five to thirty seconds, wrth supercrmcal CO, 

depreasorized in step 134 by closing valves 66 and 60 and opemg valves 62, 74, 82, 

87 to vent the system atmosphere. 

S W .ledUonawi..apreoiate« S ystom30p re femblyinoludeaoned^h^ d .e* 

values .42, 144 146, 148, 150, anu ISltoensuretoduectionof flow mdrcatedm to flow 
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lines of Fig. 3. Skilled persons will also appreciate that system 30 

pressure gauges 152, 154, 156, 158, 160, 162, and 164 that may be morntored so that pump 

92 or backpressure regulating values may be adjusted manually or by computer as needed. 

Fig 5 is a fragmentary cross section view showingwafer 140 following step 134 
witil outresi S tlayer20. For convenience, certain features of Fig. 5 that conespond to features 
of Fig. 2 have been designated with the same reference number, With reference to F^5 
wafers) 140 are then preferably removed ^d rinsed with deioni Z ed(Dl) or ultra pure water 

to ftiish the cleaning process. 

Fig enreOTtsatableshowingafewexsmplesoftestsperformed to remove 

photiWfromawafor 10. Eioctron microti* of wafers ^^^^ 
Ihibhed surface of resulting snipped wafers 140 that were subatantiaHy fee. of photorestst or 

" S ^ Mled persons wiU appreciate lha. the method of the present invention eliminates the 

the coat, equipment, and process time convemionally needed for resist removal. 

SldlledporaonswiU also appreciate that the method of Ore present tnvenuon 

HvcnUonal post-snipping deaning atop auch aa a "piranha" bam employmg hasardoua 
Zl "ore, mo relative* small amonn, of Cemicafs ***** metitod o, 
the present invention offers tremendous cost savings over conventional <^«j"* 
chemical hatha. FinaUy, the method of the present invention faoiltta.es tnoreased wafer 

throughput. 

It will be readily apparent to one skilled in the art that other various 
ma y be made to thepreferred embodiment wimout departing from the spnnt and scope of the 
invention as defined by the appended claims. 



WO 02/15251 



PCT/US00/22454 



2. 



4. 



CLAIMS 

Amethod of removing amaterial selected from the group consisting of a 
photoresist, a photoresist residue, and a combination thereof from a surface of a 
semiconductor substrate comprising the steps of: 

a. placing the semiconductor substrate with the material on the surface of 

the semiconductor substrate within a pressure chamber, 
b pressurizing the pressure chamber; 

c " introducing supercritical carbon dioxide and a stripper chemical into 

the pressure chamber; 
d mixing the supercritical carbon dioxide and the stripper chemical 

within the pressure chamber until the material is removed from the 
semiconductor substrate; and 
e . flushing the pressure chamber. 

The method of claim 1 wherein the stripper chemical is selected from the 
group consisting of N-methyl pyrrolidone, di^sopropyl amine, tri-isopropyl amine, 
diglycol amine, and a mixture thereof. 

The method of claim 1 wherein a volume ratio of the stripper chemical to the 
supercritical carbon dioxide is within the range and including 0.1 to 15.0 %. 

The method of claim 1 further comprising the step of adding an organic 
solvent to the supercritical carbon dioxide and the stripper chemical within the 
pressure chamber. 

5 . The method of claim 4 wherein the organic solvent is chosen from the group 
consisting of alcohols, ethers, and glycols. 

6 . The method of claim 1 wherem the photoresist residue is formed in a plasma 
ashing process. 

7 . The method of claim 1 wherein the photoresist residue is formed in a plasma 
etching process. 
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10. 



11. 



12. 



13. 



14. 



15. 



A method of removing a material selected from the group consisting of a 
photoresist, a photoresist residue, and a combination thereof from a surface of a 
semiconductor substrate comprising the steps of: 

a introducing supercritical carbon dioxide and a stripper chemical to the 

semiconductor substrate with the material on the surface of the semiconductor 

substrate; . 
b mamtaining the supercritical carbon dioxide and the stopper chemical 

in contact with the semiconductor substrate until the material is removed; and 
c. removing the supercritical carbon dioxide and the stripper chemical 

from contact with the semiconductor substrate. 

The method of claim 8 wherein the stripper chemical is selected from the 
group consisting of N-methyl pyrrolidone, di-isopropyl amine, tri-isopropyl amine, 
diglycol amine, and a mixture thereof. 

The method of claim 8 wherein a volume ratio of the stripper chemical to the 
supercritical carbon dioxide is within the range and including 0.1 to 15.0 %. 

The method of claim 8 further comprising the step of adding an organic 
solvent to the supercritical carbon dioxide and the stripper chemical within the 
pressure chamber. 

The method of claim 1 1 wherein the organic solvent is chosen from the group 
consisting of alcohols, ethers, and glycols. 

The method of claim 8 wherein the photoresist residue is formed in a plasma 
ashing process. 

The method of claim 8 wherein the photoresist residue is formed in a plasma 
etching process. 

A method of processing a semiconductor wafer having a surface supporting 
material, the material selected from the group consisting of aresist, arestst residue, 
and a combination thereof, the method comprising the steps of: 
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17. 



b. 



exposing the material to supercritical C0 2 in combination with a first 
solvent, the first solvent being selected from the group consisting of n-methyl 
pyrrolidone, di-isopropyl amine, tri-isopropyl amine, diglycol amine, hydroxyl 
amine, and a mixture thereof; and 

maintaining the supercritical carbon dioxide and the first solvent in 
contact with the material until substantially all of the material has been 
removed from the surface of the wafer. 

16. The method of claim 15 further comprising the steps of: 

heating a process chamber; 

placing the wafer having the surface supporting material in the process 
chamber prior to exposing the material to the supercritical carbon dioxide; 

pressurizing the process chamber with C0 2 prior to exposmg the 
material to the supercritical carbon dioxide and the first solvent; and 

flushing the process chamber with the supercritical C0 2 subsequent to 
exposing the material to the supercritical C0 2 and the first solvent in order to 
remove the material and the first solvent from the process chamber. 



a. 
b. 



19. 



20. 



21. 



The method of claim 16 wherein the process chamber is pressurized to a 
pressure between about 1050 and 6000 psig. 



18. The method of claim 17 wherein the process chamber is pressurized to a 

pressure between about 2500 and 4500 psig. 



The method of claim 17 wherein the process chamber is heated to a 
temperature between about 20 and 80 °C. 

The method of claim 19 wherein the process chamber is heated to a 
temperature between about 46 and 70 °C. 

The method of claim 16 wherein the process chamber is heated to a 
temperature greater than about 46 °C and less than about 80 °C. 



22 ThemethodofclaimlSwhereinaratioof the first solvent to the combination 

of the supercritical C0 2 and the first solvent is less than 15% by volume. 
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24. 



23. The method of claim 15 further comprising the step of adding a second solvent 

to the combination of the supercritical C0 2 and the first solvent. 

The method of claim 23 wherein a ratio of the first and second solvents to the 
combination of the supercritical carbon dioxide and the first and second solvents is 
less than 15% by volume. 

25. The method of claim 15 further comprising the step of removing organic 
contaminants from the wafer surface. 

26. The method of claim 25 further comprising the step of adding an organic 
solvent to the combination of the supercritical C0 2 and the first solvent. 

27. Thememodofclaim26wheremmeorgamcsolventisselectedfromthegroup 
consisting of alcohols, ethers, and glycols. 

28 The method of claim 15 wherein a time period for mamtaining the 

supercritical C0 2 and the first solvent in contact with the wafer having the surface 
supporting material is between 10 seconds and 15 minutes. 

The method of claim 28 wherein the time period is less than about 5 minutes. 

The method of claim 29 wherein the time period is less than about one minute. 

The method of claim 16 further comprising the step of adding liquid C0 2 to 
the pressure chamber subsequent to pressurizing the process chamber with the C0 2 
and prior to introducing the supercritical C0 2 and the first solvent to the pressure 
chamber. 

The method of claim 16 wherein the wafer is placed in the process chamber 
prior to heating the process chamber. 

The method of claim 15 wherein the wafer surface includes feature sizes of 
less than 0.5 urn. 
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31. 



32. 
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34. 

35. 

36. 
37. 
38. 

39. 

40. 



The method of claim 15 wherein the wafer surface includes one or more vias 
having a depth to diameter aspect ratio that is greater than 5:1. 

The method of claim 15 wherein a thickness of the material is greater than 1.5 



|im. 



41. 



The method of claim 15 wherein the material comprises aphotoresist. 

The method of claim 15 wherein the material comprises a photoresist residue. 

The method of claim 15 further comprising the step of adding a 3 to 6 carbon 
dione to the combination of the supercritical C0 2 andthe first solvent. 

The method of claim 38 wherein the first solvent includes the n-methyl 
pyrrolidone. 

A method of processing a semiconductor wafer having a surface supporting 

and a combination thereof, the method comprising the steps of: ^ 

exposing the material to supercritical C0 2 in combmation with a first 
' solvent at a pressure greater than or equal to 1,050 psig and less than or equal 
to 6 000 psig, the first solvent being selected from the group counting of n- 
methyl pyrrolidone, di-isopropyl amine, tri-isopropyl amine, diglycol amme, 
hYdroxyl amine, and a mixture thereof; and 
' b maintaining the supercritical carbon dioxide and the first solvent in 

' contact with the material until substantially all of the material has been 
removed from the surface of the wafer. 

A method of processing a semiconductor wafer having a surface supporting 
material, the material selected from the group consisting of aresist, a resist resume, 
andacombmationmereof.mememodconmrisingthestepsof: 

exposing the material to supercritical C0 2 m combmahon wnh a firs 

80 °C, the first solvent being selected from the group consistmg of n-methyl 
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pyrrolidone, di-isopropyl amine, tri-isopropyl amine, diglycol amine, hydroxyl 
amine, and a mixture thereof; and 
b maintaining the supercritical carbon dioxide and the first solvent in 

contact with the material until substantially all of the material has been 
removed from the surface of the wafer. 

42 A method of processing a semiconductor wafer having a surface supporting 

' material, the material selected from the group consisting of a resist, a rest resume, 
and a combination thereof, the method comprising the steps of: 
a . exposing the material to supercritical C0 2 in combination with n- 

methyl pyrrolidone; and 
b mamtainingthesupercriticalcaxbondioxideandthen-methyl 

' pyrr olidone m cental 

has been removed from the surface of the wafer. 

43 The method of claim 42 wherein aratio of then-methyl pyrrolidone to the 

" combinationof^ 

between 0.1 and 15% by volume. 
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Place a wafer with photoresist or 
photoresist residue on a surface 
within a pressure chamber 



Seal the pressure chamber 
and pressurize the pressure 
chamber with carbon dioxide 



Introduce supercritical carbon 
dioxide and a small amount of 
a stripper chemical into 
the pressure chamber 
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222 



224 



Recirculate the supercritical carbon dioxide 

and mix the supercritical carbon dioxide 
and the small amount of the stripper chemical 
within the pressure chamber until the photoresist 
or the photoresist residue is removed 



226 



v 



Flush the pressure chamber with pure supercritical 
dioxide or liquid carbon dioxide to remove 
. traces of remaining chemicals 



228 



Vent the pressure chamber to 
atmosphere and remove the wafer 



230 



FIG. 1 
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RESIST REMOVAL PROCESS 



PREHEAT SYSTEM 



—38 



I 



32 



PLACE WAFER (S) IN 
PRESSURE VESSEL 



T 



—48 



PURGE SOLVENT 
CHAMBERS AND 
PRESSURE VESSEL 



T 



FILL SYSTEM WITH 
LIQUID CO 2 



I 



PLACE CHEMICAL (S) 
IN SOLVENT CHAMBER (S) 



T 



PRESSURIZE TO SYSTEM 
OPERATING PRESSURE WITH 
SUPERCRITICAL C0 2 



T 



REDIRECT FLOW 
THROUGH SOLVENT 
CHAMB ER (S) 

t 



REMOVE RESIST 
I 



CLOSESOLVENT 
CHAMBER (S) AND 
FLUSH WITH CO 2 



I 



CLOSE C0 2 SOURCE, 
DEPRESSURIZE SYSTEM, 
REMOVE WAFER (S) 
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